Daejeonia ginsenosidivorans gen. nov., sp. nov., a ginsenosidetransforming bacterium isolated from lake water 
Ginseng, the root of Panax ginseng C. A. Meyer, has been used as a herbal medicine in Korea, China and Japan for centuries and was moved to western countries by ancient civilizations [1, 2] . The pharmacologically and biologically active elements of ginseng are believed to be ginsenosides (secondary metabolites), a class of distinctive triterpene glucosides [3, 4] . In their natural state, major ginsenosides have high molecular weights and are not easily digested by the human gastrointestinal tract due to their low solubility and poor permeability through the cell membrane. Therefore, recently, many researchers have used micro-organisms or highly expressed recombinant enzymes for the bioconversion of major ginsenosides into minor ginsenosides for enhanced production as well as for their high-level pharmacological effects [5] [6] [7] [8] [9] [10] [11] .
In this study, a ginsenoside-transforming bacterium, designated NP5
T , was isolated from KAIST Duck Lake in Daejeon city, Korea, and subjected to a polyphasic taxonomic analysis. Water temperature (25 C) and pH (8.0) were measured in situ with a portable pH/VORP/ meter [Ph-20N; KEITI (Korea Environmental Industry and Technology Institute)]. 16S rRNA gene sequence and phylogenetic analysis suggested that strain NP5 T was closely related to the family Flavobacteriaceae within the phylum Bacteroidetes. The family Flavobacteriaceae was described by Jooste in 1985 [12] and its description has since been subjected to repeated emendation by Bernardet et al. [13, 14] . Members of the family Flavobacteriaceae are diverse and widespread [14] [15] [16] [17] . At the time of writing, the family Flavobacteriaceae comprised more than 120 genera with validly published names. According to the archives, affiliates of this family share the common features of being mesophilic, non-spore-forming, short to moderately long rods that are Gram-stain-negative and display growth at different temperatures. Members of this family possess menaquinone 6 (MK-6) as the major quinone and iso-C 15 : 0 , iso-C 15 : 1 and iso-C 17 : 0 3-OH as the major fatty acids. Their DNA G+C contents range from 27 to 67 mol % [14, 18] . Some affiliates of the family Flavobacteriaceae which were described recently contain phosphatidylethanolamine as the major polar lipid [19, 20] .
During the course of a study to determine the types of aerobic bacteria from the lake water of KAIST Duck Lake in Daejeon city, Korea, samples were collected from different parts of the lake. The samples were then thoroughly suspended with sterilized water, serially diluted and then spread onto R2A agar media (BD). The plates were incubated at 30 C for 7 days. Several types of colonies were observed, and one, designated NP5
T , was chosen for taxonomic study. A single colony was purified by subculture. Strain NP5
T was routinely cultured on R2A agar medium at 30 C and was preserved at À80 C in R2A broth (Difco) supplemented with 20 % (v/v) glycerol.
The genomic DNA of strain NP5
T was extracted and purified using a genomic DNA extraction kit (Solgent), and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to the method of Kim et al. [21] . The nearly complete sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database or EzBiocloud [22] . Multiple sequence alignments were performed by using the CLUSTAL X program [23] . Gaps were edited in the BioEdit program [24] . Evolutionary distances were calculated using the Kimura two-parameter model [25] . Phylogenetic trees were reconstructed using the MEGA6 program [26] with the neighbour-joining, maximum-likelihood, maximum-parsimony and minimum-evolution algorithms [28] [29] [30] , with bootstrap values of 1000 replications [27] .
The almost complete 16S rRNA gene sequence of strain NP5 T (1435 nt) was determined and subjected to phylogenetic analysis. Sequence similarity was determined using the EzTaxon-e server [22] . Phylogenetic analysis of strain NP5
T indicated that it represented a member of the family Flavobacteriaceae (Fig. 1) . Representative species from the most closely related genera of the family Flavobacteriaceae were included in the phylogenetic tree reconstruction. Moreover, this relationship was also evident in phylogenetic trees based on the maximum-likelihood, maximum-parsimony and minimum-evolution algorithms (Figs S1, S2 and S3, available in the online Supplementary Material). In addition, the corresponding results of the above trees (Figs 1, S1, S2 and S3) were also confirmed by using all species of the genus Chryseobacterium and representatives of the most closely related genera of the family Flavobacteriaceae in the tree reconstruction as shown in Fig.  S4 . Strain NP5
T showed 16S rRNA gene sequence similarity of less than 96.0 % to the type species of the genera Chryseobacterium, Bergeyella, Epilithonimonas, 'Candidatus Amoebinatus' and other genera of the family Flavobacteriaceae. The phylogenetic tree results indicated that strain NP5
T forms a group with the genera Bergeyella, Chryseobacterium, Cloacibacterium and Riemerella.
For the phenotypic and biochemical tests, strain NP5
T was routinely cultivated on R2A medium. Gram-staining, oxidase, catalase, and hydrolysis of casein, carboxymethyl cellulose, DNA, starch and Tween 20 were determined according to the methods of Smibert and Krieg [31] . Cell morphology was examined by transmission scanning electron microscope (SU-3500; Hitachi) and phase contrast microscope (Nikon) with cells grown for 2 days. Cell motility was determined using the hanging drop method. To check the optimum growth on different media, strain NP5
T was cultured on R2A agar (Difco) nutrient agar (NA; Difco), trypticase soy agar (TSA; Difco), LB agar (Difco) and MacConkey agar (Difco) at 30 C for 7 days. Growth at different temperatures (4, 10, 15, 25, 30, 37, 42 C) and various pH values (pH 4-10.0 at intervals of 1.0 pH units) was evaluated after 7 days of incubation at 30 C using the following different buffers (final concentration, 50 mM) in R2A broth. Acetate buffer was used for pH 4.0-5.5, phosphate buffer was used for pH 6.0-8.0 and Tris buffer was used for pH 8.5-10. Similarly, a salinity test (1-10 %, w/v, at intervals of 0.5 % NaCl) was evaluated after 1 week of incubation at 30 C on R2A or TSA medium. Anaerobic growth was observed in serum bottles by adding thioglycolate (1 g l À1 ) to nutrient broth and substituting the upper air layer with nitrogen gas. Tests in the commercial systems API ZYM, API 20NE and API ID 32GN (bioM erieux) were performed according to the manufacturer's instructions. The results of API ZYM test strips were obtained after 4 h of incubation at 37 C, and the other API strips were examined after 2 days at 30 C. Production of flexirubin-type pigment was determined by a reversible colour shift to red, purple or brown when yellow or orange colonies were covered with aqueous 20 % KOH solution [32] . The bioconversion of ginsenoside was carried out as described by Kim et al. [21] .
Cells were Gram-stain-negative, strictly aerobic, non-motile, non-spore-forming and rod shaped (Fig. S5) . Colonies of strain NP5
T grown on TSA agar were circular, convex, Growth at: opaque and light-yellow-coloured after 48-72 h of incubation at 30 C. Strain NP5 T grew well on TSA and R2A agar, weakly on NA (BD) and DNase agar, but did not grow on LB agar (BD) or MacConkey agar (BD). The novel isolate showed an ability for the bioconversion of the major ginsenosides Rb1, Rc and Rd into the minor ginsenoside F2.
T was extracted and purified, as described previously by Moore and Dowhan [33] , and enzymically degraded into nucleosides. The DNA G+C content was then determined as described by Mesbah et al. [34] , using a reverse-phase HPLC system (Younglin). Fatty acid profiles were determined using cells grown on R2A agar for 2 days at 30 C. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters were then analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system 6.1 and the Sherlock aerobic bacterial database (TSBA 6.1; MIDI) [35] . Cell biomass of strain NP5
T for analysis of isoprenoid quinones was obtained from culture grown in R2A broth for 2 days at 30
C. The cells collected were lyophilized for 24 h and were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude nhexane/quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analysed by HPLC, as previously described by Hiraishi et al. [36] . The polar lipid contents were extracted from 100 mg freezedried cells, examined by two-dimensional TLC and identified as described by Minnikin et al. [37] .
The DNA G+C content of the novel isolate was 44.8 mol%, which was a little higher than those of members of the most closely related genera of the family Flavobacteriaceae (shown in Table 1 ). The major fatty acids of the novel isolate were iso-C 15 : 0 (27.7 %), iso-C 17 : 0 3-OH (13.6 %), iso-C 16 : 0 3-OH (11.1 %), anteiso-C 15 : 0 (7.5 %), C 18 : 0 3-OH (8.5 %) and summed feature 3 [(C 16 : 1 !7c and/or C 16 : 1 !6c) 6.3 %]. The minor fatty acids (>2.0 %) were iso-C 13 : 0 , iso-C 14 : 0 , iso-C 15 : 0 3-OH, iso-C 16 : 0 , iso-C 16 : 1 H and summed feature 9 (iso-C 17 : 1 !9c and/or C 16 : 0 10-methyl). The presence of a high amount C 18 : 0 3-OH, iso-C 16 : 0 and some minor fatty acids differentiated strain NP5
T from the members of the most closely related genera of the family Flavobacteriaceae. The differences between the cellular fatty acids of strain NP5
T and related type strains of speceis of the genera of the family Flavobacteriaceae are summarized in Table 2 . TLC analysis of polar lipids revealed the presence of phosphatidylethanolamine phosphatidylglycerol and diphosphatidylglycerol as major polar lipids, and the minor polar lipids were two unidentified phospholipids (Fig. 2a) . In the polar lipid analysis, strain NP5 T shared the similar major polar lipid phosphatidylethanolamine with the recently described species of the family Flavobacteriaceae [19, 20] . Comparative analysis of strain NP5
T with Chryseobacterium gleum KCTC 2904
T indicated that that both strains shared phosphatidylethanolamine as a major polar lipid. Similarly, the polar lipid differences between strain NP5 T and Chryseobacterium gleum KCTC 2904 T were indicated by labelling the spots in Fig. 2 (a, b) . Strain NP5
T contained MK-6 as the predominant quinone.
On the basis of phylogenetic position, and phenotypic and chemotaxonomic characteristics, a new taxon in the phylum Bacteroidetes within the family Flavobacteriaceae is created C. All data are taken from this study. Results are presented as percentages of the total fatty acids; the major fatty acids are in bold type; fatty acids that represent <0.5 % in all strains are omitted. TR, Trace amount; -, not detected. for strain NP5 T with the name, Daejeonia ginsenosidivorans gen. nov., sp. nov. Phylogenetically, the novel isolate is related to the family Flavobacteriaceae and shares several common features with members of this family, e.g. phosphatidylethanolamine as major polar lipid, MK-6 as major respiratory quinone, branched fatty acids with odd number of carbons and the presence of a distinctive methoxy-fatty acid (iso-C 15 : 0 and iso-C 17 : 0 3-OH). However, strain NP5 T can be distinguished from the closest genera of the family Flavobacteriaceae by the presence of iso-C 16 : 0 3-OH (11.1 %) and C 18 : 0 3-OH (8.5 %) as major fatty acids, phosphatidylglycerol and diphosphatidylglycerol as major polar lipids, and a high DNA G+C content (44.8 mol%). The DNA G+C contents commonly found in the closely related genera of the family Flavobacteriaceae are below 38.0 mol% as shown in Table 1 .
DESCRIPTION OF DAEJEONIA GEN. NOV.
Daejeonia (dae.jeon¢ i.a. N.L. fem. n. daejeonia referring to Daejeon, Korea, where the type strain was isolated from lake water).
Cells are Gram-stain-negative, strictly aerobic and rod shaped. Major respiratory quinone is MK-6. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 3-OH, anteiso-C 15 : 0 , C 18 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). Flexirubin-type pigment is not produced. Possesses phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol as major polar lipids as shown in Fig. 2 . The G+C content of the genomic DNA of the type strain of the type species is 44.8 mol%. Phenotypic differences from other related genera of the family Flavobacteriaceae are summarized in Table 1 . The differential phenotypic characteristics of the novel genus and the most closely related genera, Bergeyella, Cloacibacterium and Chryseobacterium (based on trees analysis), are shown in Table 3 . Phylogenetically, the genus is affiliated to the family Flavobacteriaceae, phylum Bacteroidetes. The type species is Daejeonia ginsenosidivorans. Enzyme activity is detected for oxidase, catalase, alkaline phosphatase, esterase (C4), esterase Lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase and bglucosidase. Weakly positive for gelatin hydrolysis. Enzyme activity is not detected for nitrate reduction, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase, a-fucosidase, indole production, N-acetyl-b-glucosaminidase and urease. Further tests for sole carbon source assimilation and enzyme activities are summarized in Table 3 . The predominant fatty acids are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 16 : 0 3-OH, anteiso-C 15 : 0 , C 18 : 0 3-OH and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol, whereas the minor polar lipids are two unidentified phospholipids. Tables 1 and 3 show the characteristics used to distinguish the type strain NP5
DESCRIPTION OF
T from other species of related genera.
The type strain, NP5
T (=KACC 18626 T =LMG 29198 T ), was isolated from lake water (KAIST Duck Lake) in the Republic of Korea. The DNA G+C content of the type strain is 44.8 mol%. . All data are taken from this study. All strains are positive for alkaline phosphatase, esterase, lipase, leucine arylamidase, valine arylamidase, cystine, arylamidase, trypsin, a-chymotrypsin, acid phosphatase and naphthol-AS-BI-phosphohydrolase, and negative for a-galactosidase, b-glucuronidase, amannosidase a-fucosidase, and utilization of D-glucose, D-mannitol, capric acid, adipic acid, phenylacetate, L-fucose, D-sorbitol, L-histidine, potassium 2-ketogluconate, 3-hydroxybutyrate, 4-hydroxybenzoate, Lrhamnose, D-ribose, inositol, sucrose, itaconate, suberate and 3-hydroxybenzoate. +, Positive; W, weakly positive; À, negative. 
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